When cells have been in culture for a long time, the question arises whether they have the same properties as when they were originally isolated from nature. There is some evidence that dinoflagellates such as Ptychodiscus brevis may become polyploid over years (8) (6) . Cells from 80 ml of a late-log culture (5,000-10,000 cells ml-') were sedimented by centrifugation for 30 s at 400 g in an International tabletop centrifuge, washed once with an equal volume of filtered sea water, and resuspended in 5 ml f/2 containing 10 mM NAHCO3. This concentrated cell suspension was placed on the Teflon membrane-covered electrode, which was polarized to 0.7 V. The output from the electrode was recorded on a Soltec strip chart recorder. After the 02 measurements, the chloroplast pigments were extracted in acetone, and the Chl a and c concentrations were calculated by the equations of Jeffrey et al. (3) . The acetone extract containing all the chloroplast pigments was transferred to ether, and the pigments were separated on thin layer cellulose plates (20 x 20 cm. No. 0751 1, Anateck Inc.), using as solvent 1.5% n-propanol in ligroine. RFvalues were determined for the principal colored bands. Electron flow from water to methyl viologen was measured in chlorplast-enriched cell extracts as described previously (7), using the 02 electrode.
Growth rates and yields were determined from cell counts made with a calibrated Palmer-Malloy chamber (1 ml volume). The circadian rhythm in cell division was measured by counting the number of paired cells in a known volume ofcell suspension over the end of the dark period and the beginning of the light period as described previously (1 1 Survival time in continuous darkness was determined using two criteria for cell death, inability to emit spontaneous flashes of bioluminescence and lack of motility. Bioluminescence of 1-ml aliquots of cell suspension was measured with a photomultiplier photometer, with or without stimulation by the addition of 0.05 M acetic acid (0.5 ml), as described previously (10) . Values for light emission integrated over 30 s were converted to photons per cell, using a 14C scintillation standard (2) .
RESULTS
When we noticed that the 70A strain of Gonyaulax polyedra survived for an unusually short time in darkness, we compared the survival of strain 70A with the more recently isolated strain 8 IN, as indicated by the ability of cells to emit spontaneous flashes during long-continued darkness. The results (Table IA) confirmed that 70A tolerated continuous darkness for a much shorter time than did 8 IN. When motility was the criterion (Table IB) , times of survival were longer than when the ability to flash was the test for viability, but a definite end point was difficult to determine since cells of both strains moved more and more slowly as the time in darkness increased and more and more cells were immotile.
Cells of both strains were grown in continuous light and compared with respect to a number of physiological properties (Table II) . No differences were discovered that could account for the difference in survival in darkness between the two strains. The composition of the cells of both strains was similar (Tables  II and III) , as shown by their protein and Chl content, C/N ratio, pigment composition, and size. The rates of respiration, photosynthesis, bioluminescence, and growth were also similar.
The first striking difference between the 70A and 8 IN strains of G. polyedra was apparent when the photosynthesis of cells from a light:dark cycle (LD 12:12) was measured at different times, either in LD or in LL soon after transfer from LD conditions. While 81 N showed the expected circadian rhythmicity in photosynthesis manifested both in a and Pma,r the photosynthesis of 70A was low and constant with time (Fig. 1) . The rate of electron flow from water to methyl viologen was also constant with cycle time, as measured in LL following entrainment with an LD cycle (Table IV) . There was no trace of a circadian rhythm when photosynthetic carbon fixation was measured at different times in one circadian cycle in LL (Table V) . A circadian rhythm in both 02 evolution in whole cells and electron flow through PSII was observed in the 70A strain as late as the end of 1982 (7).
The presence or absence of the circadian rhythms in cell division and bioluminescence in G. polyedra strains 70A and 8 IN was then investigated. Both strains proved to have normal circadian rhythms in both cell division (Fig. 2) and bioluminescence (Fig. 3) . Thus, the circadian clock appeared to be intact and functioning normally in 70A as in 8 IN. It is understandable that the level of bioluminescence in strain 70A should be lower than that of strain 8 IN, because the level of bioluminescence at night is known to depend on the total photosynthesis of the preceding d ( 12) .
DISCUSSION
Previous measurements of 02 (6, 7) and electron flow (7) provide evidence that photosynthesis in G. polyedra strain 70A was formerly rhythmic. The loss of this rhythm during the years in culture can probably be attributed to the accumulation of served.
The site of the mutation eliminating the rhythm in photosynthesis in the 70A strain could be in the photosynthetic machinery itself, imposing a limitation on the value of P,,,,. Whole cells and cell-free extracts were able to photosynthesize normally serves a useful function.
Since rhythmicity in photosynthesis was abolished while the rhythm in cell division and bioluminescence proceeded perfectly normally, the defect is not in the circadian clock, There is evidence that only a single clock controls the various circadian rhythms in Gonyaulax (5, 9) . Another interpretation of the nature of the defect seen in strain 70A and responsible for the loss of the rhythm in photosynthesis is that a step in the transduction chain of events by which time information from the clock is transferred to photosynthesis is altered. We are currently comparing the peptides in extracts of strains 70A and 8iN prepared at different times in the circadian cycle by SDS gel electrophoresis. It would be of considerable interest to identify a component in transduction between the clock and an overt rhythm, about which nothing is known at present. The existence ofa strain without a photosynthetic rhythm but having two other overt rhythms intact may provide an opportunity to identify a step in the transduction from the circadian clock to photosynthesis.
